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Martin Marietta Aerospace, Orlando, Florida, submits this f inal report
to the Air Force Avionics Laboratory, AEAL/RWT—2, Wright—Patterson AFB,
Ohio, 45433 in response to CDRL Data Item No. 4 of contract F33615—17—C—122,
Project 1995, Task 07. This contract for the High Altitude Altimeter Flight
Test (HAAFT) program was under the direction of Mr. Edward Hamilton and
covers the period from 1 August 1977 to 30 September 1978.
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SECTION I

SUMMARY

Increasingly stringent accuracy requirements for aircraft navigation
• and for other future long range air—to—ground weapon systems have pushed

current avionics technology to the limits. Recent efforts in terrain con-
tour matching (TERCOM) indicate that TERCOM can satisfy these stringent
accuracy requirements for low altitudes (< 5000 feet). High altitude TER—
COM (HATCOM) is an attractive candidate for systems requiring accurate high
altitude updates, but no data base existed to determine HATCOM performance.
Therefore, the HAAFT was conducted to obtain the necessary data base re-
quired to validate analytical models , refine altimeter/terrain simulation
models, and determine the feasibility of HATCOM.

The HAAF T prog ram obtained radar altimeter data from three radar
alt imeters over seven scenes with varying terrain roughness characteris—
tics at five fl ight al titudes. Three passes were mad e at each altitude
for each scene , except for the lowest altitude (two passes due to record—
er limitation) , to obtain a statistically significant data base . When

• the combination of number of scenes, fl ight altitudes , and pa sses for
each altitude and scene is considered , 110 actual passes were flown . The
three radar al t imeters were operating simultaneously , and the number of
equivalent passes was 330. Since each scene was approximately 10 miles
long, radar al t imeter data were record ed for an equivalent of 3,300
miles. From these data, conclusions can be confidently made.

The three fl ight—tested radar altimeters represented existing state—
of— the—art instruments originally designed for other applications and
were supplied by the altimeter manufacturers for evaluation as HATCOM
sensors. Stewart Warner Electronics supplied an AN/AFN 203A, a pulsed
al t imeter designed for high—altitude operation. Honeywell , Incorporated
suppl ied an HG7196 Vi , a prototype of their new high—altitude pul sed
al t ime ter. Kollsman Instruments suppl ied an AHV—70 , a breadboard of a
new FM/CW altimeter designed for 70 ,000 feet operation. The pulsed alti-
me ters used different peak powers arxl pulse lengths, but both use leading
edge detection of the return pulse . The FM/ CW represented a very low
transmitted power approach and used spectrum leading edge detectio~i to
accomplish the same effec t as the pulse leading edge detection. The se
alt imeters represent the range of radar al t imetric approac hes presently
available and should provide insight into the effect of the various alti—
meter parameters on correlation performance . It should be noted that the
altimeters and the technical support were provided to the program by the
suppliers at no cost, and this support was a major factor in the success
of the HAAFT program.
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• In evaluating correlation update systems , it is necessary to know
precisely where the data were gathered. Therefore, when the flight tests
were conduc ted , accurate ground track information was prov ided by ground
tracking systems at the Air Force Flight Test Center (AFFTC) at Edwa rds
Air Force Base and Pacific Missile Test Center (PMTC) , Point )tigu. The
groundtracking systems used a C—Band transponder mounted on the air-
craft. Accurate time referenced was provided by an IRIG time code gen-
erator which was synchronized with WWV (the same time reference used by
the groundtracking stations) prior to aircraft takeoff. In addition, a
Litton LN—3 3 inertial navigation systen was used to provide backup ground
track data in the event that the ground station temporarily lost track.
Figure 1 shows the airborne equi pnent signal and electrical interface and
Figure 2 shows the fl ight hardware installed in the aircraft .

Except for voice annots~tion , all data record ed were in digital for-
mat . The measured altitude data and automatic gain control (AGC) volt-
ages from the three al t imeters , the position , velocity, and atti tude data
from the inertial navigation and the IRIG time reference were formatted
to facilitate computer processing and were recorded on the Honeywell
5600C data recorder. In the laboratory, these data were merged with the
ground track data and were record ed on digital computer tapes in EBCDIC
format (Figures 3 and 4) .  These computer tapes were the primary out put
of the HA AFT program.

In addition to provid ing data to evaluate the correlation perfor-
mance with the flight test altimeters, the HAAFT program al so obtained
data tha t could be used to investigate potential refinements in the
al t imeters . This was accomplished by a video recording systam that was -•

mechanized to record the return pulses of the pulse altimeters and the
prediscriminator signal of the FM/ (YvJ altimeter . The most challenging
portion of thi s task was the record ing of the return waveform from the
pul se al t imeters , since the duration of the complete waveform was less
than 2 micro seconds. A circuit was designed to sample the waveform at
10 nanosecond intervals , digitize it into a 4 bit digital word and t ime
base expand it to be record ed on a television video cassette recorder
with a bandwidth capability of approximately 3 MHz . This was accomplished
by storing the data in a random access memory (actually eight operating
in parallel) and then clocking the data out at a ra te slow enough to be
compatible with the video cassette recorder bandwidth. These data were

• stored in digital format on the cassettes so that the noise associated
with analog recording would not be introduced . Due to the amoun t of data
to be record ed and the bandwidth limitation of the recorders , every other
pulse was recorded , which resulted in 2500 pulses from each pulse altimeter
being recorded each second. Evaluation of the Ff4/CM altimeter data required
recording a continuous waveform. Since only one recording channel was avail—
able on the video recorder arid the data from three altimeters were required,
the data were multiplexed. The data from the FM/CW sensor were t ime base
compressed (the reverse of the pulse recording technique) so that it could
be recorded and yet leave time to record the data from the two pulse alti-
meters. During the data analysis, the Ft4/CW prediscriminator continuous
waveform was reconstructed by time expanding the recorded waveform.

I
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In addition to the video data recorded , the voice annotation and
IRIG time on the data recorders were record ed on the voice channels of
the video cassettes so tha t the meveform data could be related to the
measured altitude and the ground track data . Figure 5 shows the tech-
nique used to record the data , and Figure 6 shows a typical reconstructed
analog signal using the recorded digitized data . The characteristics of
the terrain from which the data were obtained can be determined by com-
paring the ground track data with topographic charts or digitized terrain
data from the De fense ~~pping Agency Aerospace Center (DMAAC) .

Dupl icates of the recorded video casset tes, along with a schematic
d iagram of the circuit necessary to decode the dig ital meveforms, were
provided as output of the HA.AFT program.

The following paragraphs prov ide a more detailed discussion of the
flight test hardware , preflight test results, the flight teat operations ,
and the data format of the computer data tapes and video cassette record-
ings.

STEWART-
I WAS*ER
I MU APN 2O3A  _ _ _  _ _ _  _ _ _ _

fl ~~~~~~~ 
u
~j  
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Figure 5. Simplified Block Diagram of the Video Processor and
Recorder Interface

• Figure 6. Oscilloscope Display of
• Recorded Waveforms

1. HONEY%aLL VIDEO PULSE
2. INTER PULSE DECODER NOISE
3. STEWART-WARNER VIDEO PULSE1

) 
4. KOLLSWI BEAT FREQUENCY
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SECTION II

FLIGHT TEST HARDWARE

The primary elements of the flight test hardware were the radar alti-
meters since the motivation of the program was to obtain radar altimeter

• data. The remainder of the equipment was required to provide the necessary
power conditioning, signal conditioning, recording, and ground track in—
strumentation. A functional block diagram of the airborne equipment Is
presented in Figure 7. Figure 8 shows the flight hardware installed on the

• pallet for mounting in the aircraft showing additional details of the [/0
circuitry. The following paragraphs describe the hardware elements included
in the flight test system.

1. Radar Altimeters

The radar altimeters tested in the HAAFT program were the Honeywell
HG—7196—Vl, the Stewart Warner AN/APN 203A, and the Kollsman AHV—70 and
are discussed below. Further information describing the radar altimeters
is considered proprietary by the manufacturers. Requests for additional
altimeter information should be directed to the respective manufacturer.

Honeywell HG—7l96—Vl — The Honeywell radar altimeter is a derivative
of the APN—l94 and is currently under development by Honeywell. The HG—
7196 is designed to satisfy the growing market for high—altitude radar
altimeters. Similar to the APN—l94, the HC—7l96 is a pulsed altimeter
using conventional leading edge detection to measure the highest point
in the antenna pattern. The significant characteristics of the HG—7l96
are presented in Table I.

Stewart Warner AN/APN—203A — The Stewart Warner AN/APN—203A is de-
signed for aircraft application and has been used in several previous
programs . The AN/APN—203A is also a pulsed altimeter with more peak
transmitted power and shorter pulse length than the HG—7196 . The AN/
APN—203A also uses leading edge detection to sense the highest point
in the antenna pattern . The AN/ APN—203A characteristics are presented
in Table II.

1(ollsman AHV—70 — The Kollsman AHV—70 provided an opportunity to
evaluate a completely different approach to high—altitude radar altim—
etry . This concept uses very low transmitted power. The transmitter
frequency is linearly modulated , and the energy propagation time is
sensed by frequency discrimination techniques . Advocates of ~~(/CW

L 
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TABLE I

Honeywell HG—7 196 VI Characteristics

Parameter Charac teristic

Transmit—Receiver Frequency 4215 +10 MHz
Output Power (Peak) 500W
Pulse Width 275 us nominal
PRF 5000 pps ±10 percent
Receiver Local Oscillator 4215 MHz
Sensitivity —90 d&n
Noise Figure 6 dB
Bandwidth 25 MHz
Power Input 28 Vdc SOW

• Range Tracker Electronic leading edge detection
Data Smoothing 100 pulses
Dimensions 8.4 x 4.0 x 5.0 inches
Weight 6.5 pounds

- 

- 
TABLE II

Stewart Warner AN/AFN 203A Characteristics

Parameter Characteristic

• Trenmeit—Receiver Frequency 4385 +10 MHz nominal
Output Power (Peak) 2 kW above 2000 feet-- 800W below 2000 feet
Pul se Width 80 us nominal

40 ns below 2000 feet
PRF 491 6 pps
Receiver Local Oscillator 4445 MHz nominal
Sensitivity —78 d&n
Noise Figure 12 dB including IF

• Bandwidth 12 MHz nominal
Power Input 108 to 120 Vac, 400 +20 Hz, 1A

21 to 29 Vdc, 1A
Range Tracker Electromechanical resolver
Da ta Smoothing 16 pulses

• Dimensions 26.8 x 7.5 x 6 0  inches
(transmitter—receiver)

8 x 4.1 x 4.2 inches (power supply)
Weight 24.3 pounds ( transmitter—receiver)

4.8 pound s (power supply)

• 
8

— • • -- -~ •~— ---~~~— • • - —-•--- -~~~•--- - 
~
—~•



-• — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

concepts maintain that the frequency discrimination techniques are easier
to aschaniss than the timing required by the pulsed systems.

The tran itted frequency is varied over 125 MHz in a linear ramp
format. The frequencies of the return waveform are compared with the
trans itted frequency, and the altitude measurement is based on the win—
iaia difference frequency (a technique called spectrus leading edge de-
tection by Lolii.an). This is analogous to the lead ing edge detection of

• the pulsed altimeters since the ainimue difference frequency corresponds
to the minimus slant range or uearest point on the terrain. In the ac—
tual mechanization , the ainimus difference frequency is held essentially
constant by adjusting the rate of change ( ramp slope) of the transmitted
frequency. Altitude data are then derived from the time for the trans-
mitted frequency to traverse the 125 MHz range. Since the information is
contained in a very narrow fre quency band (after mixing the return wave-
form with the tran smitted weveform) , a narrow intermed ia te frequency
bandwidth can be used with an associated increase in receiver sensitivity
and attendant low required transmitter power. The AHV—70 characteristics
are si arised in Table III.

TABLE III

ICollaman: AEV—70 Characteristics

Parameters Characteristic

• Transmit—Receiver Frequency 4300 MHz
Swept ~~ndwidth 125 MHz
Output Power 0.2W
Modulation FM-CW
Sensitivity — 110 d&n

I IF Bandwidth 10 kHz
I Power Input 115 Vac 400 Hz, 60W

Dimensions 13 x 10 x 8 inches
Weight 21 pounds

t 1.1 SImultaneous Operation

All three altimeters were operated simultaneously to minimize
the required amount of flight t ime and obtain data from identical terrain
from the three radar altimeters. Interaction between the altimeters was
reduced to an acceptable level by operating the pulsed altimeters on• opposite edges of the radar al timeter band (4200 to 4400 MHz) , and the
FM/On altimeter wes operated with a center frequency at 4300 MHz. This
frequency separation, along with the isolation due to the antennas (>80
dB) reduced the interaction to a point that no mutual interference was

9
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noted during the ground tests or during the flight tests. A more detail-
ed discussion of the ground tests arid results of these tests are present-
ed in section 3. -

1.2 Antennas

Separate transmit and receive antennas were used for each altimeter
and were located at opposite ends of the lower hatch to maximize isolation
between the transmit and receive antennas for a given altimeter. Also ,
since all the transmit antennas were on one end of the hatch and the receive
antennas were on the other end , this maximized the isolation between altimeters. I -

Conventional sheet metal horns were used for simplicity of design and fab—
ricat ion.

Care wee also taken to design the antennas to provid e nearly iden-
tical gain arid pattern shape for all antennas so tha t no altimeter would
have a gain or pattern advantage over another. Figures 9 and 10 present
the antenna patterns for the center horns and side horns , respectively.
These patterns indicate tha t both types of antennas have nearly identical
gains of approximately 18 dfli arid with 3 dB beamwidths of 18 degrees.

2. Inertial Navigation System

Litton Industries provided an LN—33 inertial navigation system for
use in the flight test to provide ground truth backup to the ground track-
ing system, as well as providing aircraft attitude information (also at
no cost to the program). The LN—33 was originally designed for aircraft
application, but is, along with its derivatives, being used in missile

* systems. The LN—33 uses the Litton P—l000, a four gimballed platform,
operated in the local level mode. The navigation equations are mechanized
in an LC—4516 digital computer. The LN—33 is a 1 rnni/hr class navigator,
although the flight test data indicated that the flight unit was perform—

• 

• 

ing at a level considerably better than the 1 nmi/hr . The detailed char—
acteristics are considered proprietary by Litton and are available from

• Litton.

3. IRIG Time Code Generator

A DATUM, Inc • Model 9150—100 International Range Instrusentation
Group (IRIG) t ime code generator was used in the flight test equipsent
to provide the time reference. The Model 9150—100 was configured with
IRIG code A. This device uses a temperature compensated crystal oscil—

• lator to produce a time stability of one part in 1O~ (specification) .
During preflight operations , the time code generator was synchronized
with WV to within 100 microseconds. Since the APFTC and PMTC ranges use
WV as the ir t ime reference , synchronization with the same time reference
and taking into accoun t the propogation differences provided assurance
that the airborne data and ground track data could be merged within the 1
millisecond accuracy required by the statement of work. The characteris-
tics of the DATUM time code genera tor are s~~~arized in Table IV.

4 _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE IV

9150—100 IRIG Generator Characteristics .

Size 7 .6 x 4. 9 x 12.6 inches (1/2 AIR)
Weight 25 pounds
Power 

- - +28 Vdc +6’Vdc , 20W -

Code IRIG A
Operating 0 to +50°C

temperature
Stability 1 x i0~~

• - Synchronization External (WWV.) 1 pps

4. Recorders

Three recorders were used during the fl ight test program . ~A 14
track Honeywell 5600C, 1 inch tape machine configured for digital record-
ing was used to record the digital outp?it data from the altimeters and
the inertial navigator. Two TEAC V—1000 AB video cassette recorders were
used to record the return waveforms from the altimeters. The IRI(~ time
data were recorded on all recorders so tha t these. data co~ U be compared
at the same time and be synchronized with ~he ground track data during
the data merging process .

Honeywell 5600C — The Honeywell 5600C configured with digital record
cards was used without modification. The channel assigruents are shown
in Table V. This machine is a 14 channel data recorder with two edge
tracks yielding a total of 16 available channels , al though the edge
tracks are lower in quality than the othe r 14 channels. Redundan t chan—

• nels were used on the critical data for improved recording reliability.

To assure adequate record ing time capability, a record ing speed of
3 3/4 in/s was used for the initial flights. However, some minor prob-
lems were encountered in transferring data into the computer due to dy—
namic skew. The dynamic skew caused relative shifting of the data and
the clock signals. With the exception of a portion of ACC data , the data
were recovered , and no flights had to be repeated. During the last two
flights, the tape speed was increased to 7 1/2 in/s , and the dynamic skew
problem was essentially eliminated .

TEAC V—1000 AB — Two TEAC V—b OO AB video cassette recorders pro-
vided a total of 1 hour of recording t ime. Each cassette has 30 minutes
of record time available, and the recorders are configured so that the
second recorder started when the first finished a tape • This provided
the full hour of record ing capability required by the longest mission.
The V—b OO ABe have a video channel arid two voice channels. The return
wavefo rms were multiplexed and recorded on the vid eo channel • The voice
annotation that was recorded on the data recorder was also recorded on
one of the V—b OO voice channels. The IRIG time data were recorded on

13
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the other voice channel to facilitate comparison with the other recorded
data . The general characteristics of the TEAC V—1000 AB are:

1 Weight — 30 pounds
2 Dimensions — 6.8 x 14 x 13 inchesT Power — 84 watts at +28 Vdc .

5. Signal Conditioning Circuits

The output signals from each sensor were primarily designed for dis-
play on an indicator and not for recording and eventual processing by a
computer. Therefore , signal processing circuits were designed to prov ide
the interface between the sensors (altimeters, INS, and time code genera-
tor) and the digital data recorder and the interface between the altimeters
and the video recorders.

5.1 ~‘ata Recorder Interface

The sensor signal conditioner block diag ram (Figure 11) identifies
the interface between the flight instrtmrenta arid the Honeywell tape re-
corder. Since the sensor internal operations are independent and unsyn-
chronized arid data formats are different (Table VI), each unit had an
in ter face and buf fer memory assigned to it. For each instrizuent, this
interface unit consists of an impedance and level translation circuit to
reach transistor transistor logic (TTL) levels for storing in a RAM. In
addition , the AIIV—70 altimeter output data were in RZ format as indicatedin Table VI , which required clocking each digital bit to reconstruct the
digital word . From these ~tAM buffer memories the data are output with a

• leading four—bit code [b i l l ]  with a zero between each three—bit data word
as shown in Figure 11. This permits identification of the data word by
the read circuitry, which in turn formats the data for the computer in—
terface. By this method , the record ing process was accomplished without
loss of integrity.

J~~I~_
_ __ _

__________________ ~ Figure 11. Sensor/Data Recorder
_____ 

Interface

H ~ 1

NOTE : FWR, S&H, A/D - FULL WAVE RECTIFIER , SAMPLE
AND HOLD, ANALOG-TO-DIGITAL

L 1I.~
_
~•±I••~ ii i
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TABIE VI

Sensor Data Characteristics

Clock Control
Instrument !ormat Rate Mode

Honeywell 71 96 24 Bit , Serial , NRZ 100 kHz External

Stewart Warner 20 Bit, Serial, NRZ 7 kHz , 35 kHz External
APN 203 (25 kllz)

Ally—b 22 Bit , Serial, RZ 266 kHz Internal

Litton, ThIS LJ~33 One b6 bit address word 216 kllz Internal
Thirteen 16 bit data Two—phase
words -

Datum Time Code IRIG time A
Generator 1 MHz square wave

100 kHz square wave
10 Hz square wave

In addition to the measured al titude data , the AGC level signals
were obtained from the altimeters, digitized, arid recorded. However ,
since the AUV—70 does not use AGC, the prediscriminator waveform was
rectified , filtered, arid then digitized for recc rding in lieu of the AGC
signal . The digitized AGC signals from the pul se al timeters and the pre—
discrimina tor signal level data were stored in a buffer memory (RAM )
prior to formatting for record ing as indicated in Figure 11.

5.2 Video Recorde r Interface

Th*’~ video recorder interface block diagram (Figure 12) shows that
the two pulsed altimeters are multiplexed through one high—spe ed Computer
Labs MOD 4100 A/D converter and loaded into a double—buffer memory. The
Kolleman FM—CW al t imeter has a dedicated Anal og Devices A/D converter and
is then loaded into its memory. A data selector merges the three chan—
nels of data from memory onto a single serial data bus to the video re—

• corder .

The sampling processor is controlled by a central timing unit oper-
at ing from a 100 MHz clock. Each pul sed altimeter provides a track gate
during which the video signal is sampled . For each pulsed altimeter , the
t ime delay from its transmitter strobe pul se to the track gate is contin—
uously measured and, at a 10 Hz rate , this measured value is updated.
This effectively maintains the track gate position constant for a 0.1 

5

second interval . A fur ther  refinement to the video sampler is the clock
selection. A two—phn se 100 MHz clock is generated , arid the phase closest
to the lead ing edge of the asynchronous track gate is used . This reduces
the t iming uncertainty to ± 2.5 nanoseconds. The t iming diagram is shown

16 
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in Figure 13. In order not to exceed the recording bandwidth of the
video recorders , i.e., 3.25 11Hz, each pul sed altiriter ii sampled at
approximately 2500 Hz ( shown in Figure 14). This results in a time—base
expansion of 64 to 1, whereas the Kollaman alt imeter has an equivalent
timebase compression of 3• 75 to 1.

COUSLE-SUFFER
_ .~~~ 2~~.

I ISO. S CLOCK JDATA~~REAW

TR~~~~GRTES 1
~~
1

TZN 1NG MD CONTROL

‘ t ! L
~ ~~~~ ~~

DOUBLE-BUFfER

• Figure 12. Video Recorder Interface Block Diagram

t
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TRACK GATE — ______________________________________________
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I

I I
I . — I
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200 114z CLOCK

MTIFICIa.
TWA ~~YE— I ’

~~~~~~~~~ - 
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PROcissos I - -
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Figure 13. Timing Diagram
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The three channels on the TEAC recorder are dedicated to vid eo ,
aud io, and IRIG , ar id hence a video data clock is not recorded . This
require . that a clock be gener ated by the read electronic s as shown in
Figure 15. A voltage—controlled oscillator (VCO) is driven by the error
signal derived from the measured clock, which is updated each synch
pul se. The serial data from the tape is clocked into a 4—bit la tch , and
digital—to—analog (D/A ) converted for oscilloscope presentation. The
circuit diagrams presented in Appenaix A are provided for the reader
who desires to fabricate the D/A and clock circuit required to observe the
return waveform data on an oscilloscope.

20D ,s

• A&T05TEI NS~J_ 
___

~ ii
M.TIIETU NO. 2— __J1____________________________________ —

• 1LT1~~TEl NO. 1_

p...~ .12B ,ss. .___..4 I...—1o6 ,s—.
051* RE0000 FOWl I ALTIDETER U ALTIWTER U ALTIISTER—1.1 NO. 1 m . z  NO. 3

SYNC pu.sr _~~ J I~- -.i I.- -
~~~ ‘~

-
(22.4 ,s) 6.4 ,s 6.4 s

ALT05TLR I~~UT SAWLE O.OC& SlIER OF SM~LCS 11W EXPANS ION RATIO

NOIIlnaI.L 100 54* 200 64 tO 1
STEUSIT-IIMIER 100 54* 205 64 TO 1

400 54, 150 1 TO 3.15

OUTPUT 051* UTt —~~.. 0.64 p1 PER NOW 
~0.14 p. PER III gure j ..,. Reco r~e~ v Lueo
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DATA
SE LE CTOR

PESOUT SERIA L . SHIFT CLO CK
ALTIPET E R COP55AMTOR
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V~~E0 TAPE

Figure 15. Video Data Record (Write) and Replay (Read ) Technique
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SECTION III

SYSTFI4 INTEGRATION AND GROUND TESTS

Following delivery to Martin Marietta, the radar altimeters were
tested to evaluate the sensors against the expected performance.

Initially, a coaxial delay line with a length that would give an ap-
parent altitude of 5000 feet was used to determine whether the altimeters
were functioning. All altimeters indicated the proper altitude. An at—
tenuator was then introduced to determine the amount of loop attenuation
necessary to cause the altimeters to lose track. The HG—7196 required
136 dB of attenuation, the AN/APN—203A required 139 dB, and the 4AEV—70
required 132 dl to break lock. This test is somewhat qualitative in that
using the delay line is analogous to radiating inside a sphere (all re-
turn energy occurs at the same time). This causes the return pulse shape
to be essentially the same as that transmitted. Rnturn from actual ter—
rain will have a slower rise on the leading edge and may influence this
measurement. Also, any changes in receiver gains or filter characteris-
tics as a function of altitude would influence the results at maximum al—
titude since for these tests the altimeters would function as they would
at 5000 feet altitude.

The pulsewidths of the pulsed altimeters were measured and found to
be 200 nanoseconds for the HG—7196 and 80 nanoseconds for the AN/APN
203A. The expected pulse lengths were 275 nanoseconds for the HG—7196
and 80 nanoseconds for the AN/APN 203A. The shorter pulse length than
expected for the Honeywell sensor was not considered a serious problem.
The ARV—70 had continuous output as expected.

The transmitted power was measured and found to be 56 dIm peak
(0.4 kW) for the HG—7196, 65 dIm peak (3 kW) for the AN/APN—203A, and 22
dIm continuous (0.16W) for the AHV—70. The HG—7196 was expected to have
5O~XJ peak (test unit was low); the AM/APN—203A was expected to have 2O0~ J
peak (test unit was higher); and 0.2W continuous was expected from the
AHV—70 (test unit was low). These differences were noted and discussed
with the suppliers and , since the antenna gains were approximately 8 dB
higher (one way) than the antennas that would normally be used wI th al-
timeters, there was no concern about the lower than expected output power
(“1 dl) for the HG—7196 and AHV—70.

Sensitivity measurements were conducted with the pulse altimeters by
using a signal generator with a variable time delay. The time delay was
varied over a range to simulate altitude variations of 5,000 to 70,000
feet. This was accomplished by triggering the t ime delay of the signal

= generator from the transmitted pulse. The units were first warmed up to

_ _ _ _ _ _  I________ 
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simulate actual flight operations . The HG—7196 sensitivity varied from
—86 to —88 dIm over the altitude range . The AN/APN 203A varied from —81
to —84 dIm over the altitude range . The HG—7196 was found to have 2 to 4
dl less sensitivity than expected (—9Od Bm), and the AN/APN 203A had 1 to
4 dl more sensitivity than expected (—80 dIm). Neither was considered to
be a serious deviation from the specification.

No technique was found to directly measure the sensitivity of the
AHV—70 at altitudes above 5000 feet (delay line length). However, if one
considers the transmitted power of 22 dIm and the loop loss of 132 dl re-
quired to make the AHV—70 lose track, a receiver sensitivity of —110 dIm
at 5000 feet altitude results.

The question of mutual interference during simultaneous operation
was examined by simulated isolation and later by connecting the altime-
ters to antennas in a sheet metal mockup of the hatch. The antennas were

= the n pointed toward the sky, and the altimeters were turned on. Since
there was no return available , all three altimeters continued searching —

the condition where they would be most sensitive to interference. No mu-
tual interaction or mutual interference was noted. (Later examination of
flight data also showed no interaction between the altimeters.)

The LN—33 inertial navigator was tested by applying power on the
bench, leveling and azimuth aligning, and then navigating for 6 to 8
hours on the bench. This test was repeated several times, and the re-
sults Indicated that the device was operating with 0.25 to 0.3 nmi/hr
drift, which is well within specified performance.

The interface circuitry was evaluated by simply operating the sen-
sors with the delay line or signal generator on the bench and then exam-
ining the data that were recorded.

Each altimeter had minor malfunctions during the ground tests and
was quickly repaired by the suppliers. The LN—33 operated at Martin

• Marietta for 6 to 8 hours on the bench and then failed. It was returned
to Litton for repair four times. Litton repaired and operated it for
many hours with no problems each time before returning it to Orlando.
The last time that the LN—33 was returned to Litton, it failed at their
facility. The problem was traced to a temperature sensitive component in
the computer. Apparently, the environment at Martin Marietta was slight-
ly warmer than the environment at Litton, which initiated the failure
mode. After replacing the computer component, no further problems were
experienced with the LN—33. Mo malfunction of any of the flight hardware
was experienced during the actual flight tests.

1. Environmental Test 
-~ 

=

Prior to integrating the equipment with the aircraft , environmental
tests were conducted to assure that the equipment would operate in the
environment of the aircraft equipment bay. The equipment was mounted on
the flight pallet and operated in the altitude chamber (Figure 16). The

_ _  _ 
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altitude chamber was evacuated to simulate 35 ,000 feet pressure altitude
(the test environment specified by the aircraft contractor). The concern

• was that the reduced air density might cause overheat problems. The maxi-
mum thermal time constant of the equipment was 1 hour. Therefore, the
test was conducted for 3.5 hours. The equipment stabilized at tempera-
tures well within operating limits and the test was terminated. Table
VII shows the time/temperature history of the temperature/altitude test.

The test aircraft vibration and shock environments were specified
and demonstrated as shown in Table VIII. These environments are rela-
tively benign and, with the exception of power supplies and the interface
or signal processing circuits designed at Martin Marietta, the flight
hardware is flight qualified to more stringent environments. Therefore,
the power supplies and signal processing circuits were Installed on the
shaker table in the Dynamics Laboratory. The dynamic environment equip-
ment at Martin Marietta is not designed to function at the low levels
specified. Therefore, the equipment was turned on and operated while ex-
periencing the dynamic environments of Table VIII. No anomalies were
noted in the power supplies or signal processing equipment during the dy-
namics environment tests.
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Figure 16. Altitude Chamber Installation
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TABLE VII

Temperature/Altitude Test History

Teat F 5600C INS INS A/D Sign.1 DATUM TiAC I !AC HC—7196 AHV—7O Pow.r 
— 

I..ark.
Ti. . Fan Condition 9150 No. I No. 2 Supply

N/A 76 82 180 78 76 76 68 68 101 103 86 Initial reading
after pretest

0:00:00 80 102 184 82 80 81 72 72 103 106 97 Start ..cent
to 35.000 NSL

0:15:00 85 122 140 88 86 84 74 74 102 104 108

0:30 :00 91 134 139 97 94 90 78 78 104 106 117

0:45:00 94 142 140 102 98 94 80 79 109 108 124

1:00:00 99 147 138 103 97 96 79 79 110 108 127

1:15:00 101 149 138 104 98 98 80 80 112 109 130

1:30:00 103 151 140 106 100 100 81 82 112* 110’ 132 ‘Power off
check .alfunction

1:45:00 105 153 142 108 102 102 82 84 106 107 134

2 :00 :00 108 155 142 109 102 103 83 85 102’ 104’ 135 ‘Power on

2:15:00 108 155 140 109 100 103 81 84 106 106 134

2:30:00 107 155 140 108 100 102 81 84 108 106 133

2:43:00 106 154 140 107 99 102 80 84 112 109 133

3:00:00 107 154 140 107 99 102 80 84 112 110 133

3:15:00 106 154 140 106 100 102 81 85 114 111 133

3:30:00 106 154 140 106 100 102 80 84 114 111 133 Start descent
to a.bi.nt

TABLE VIII

Dynamic Environments

• . Aircraft Specified Preflight Certif ication
Envi roseent Leve l Leve l

Vibration 95 to 100 Hz , sine 0.001 inch 95 to 100 K~ .~,e , (,.31
05, vertical axis inch DA. three ~utua l1v

orthogona l axe, ~f

- 
.inutes /ax is

Siock Direction load
(6)

Down 6.0 Iequire.ent satisfied
Up 2.5 by loads analysis
Side 2. 5 sub.ittsd with Prelininary
Mt 2.5 Hazard Analysis Psport .
Forwsrd(crash load) 8.0 OR 14 ,816, CD6L sequence

10 to AFAL , VPAfl , ~~io _

2. Preflight Tests

The equipment was shipped to the aircraft contractor facility and
integrated with the aircraft. The sensitivity and power output tests
described earlier using the delay line , attenuators , and variable time
delay signal generator were repeated after integration with the aircraft
to assure that the sensors were all operating properly. (These tests
were also repeated before and after each flight to guarantee that the
equipment had not failed.)

_ __ _ _ _



t SECTION IV

FLIGHT TEST OPERATIONS

• 1. Test Scenes

Data were obtained from a total of seven scenes during the HAAFT
program. Five of the scenes were located within the restricted area of
the AFFTC , Edwards AFB , Ca. Two scenes were located in the Thousand
Oaks , Ca., vicinity and were under joint operational control of the PMTC ,
Pt . Mugu , Ca., and the Los Angeles Air Traff ic  Control Center.

The five scenes at AFFTC (Figure 17) were selected as the original
fl ight areas for all data gathering opera tions with terrain height stan—
dard deviations (aT) of 24 fee t, 52 fee t, 109 feet , 212 feet , and 304
feet. However , due to DMAAC prior scheduled workload , digitization of
all scenes could not be accomplished in time for use in the data analysis
study contract schedule (not part of the HAAFT program). Direction was
received in January 1978, prior to the start of flight operations, to se—
lect two scenes from an existing digitized area in the Pt. Mugu, Ca.,
area (DMAAC designated area E-2). The two scenes selected in the E—2
area (Figure 18) have standard deviations of 320 and 175 feet, respec-
tively, and were used to replace scenes 2 and 3 at AFFTC. Rowever, when
the flight tracks were considered, deletion of the two AFFTC scenes did

• not result in any fl ight time savings. Therefore, all f ive of the AFFTC
scenes were overflown and data were obtained on all scenes. Prior to the
actual fl ights, it was not planned to obtain video (return waveform) data
over the replaced scenes due to recording time limitation of the video
cassette recorders (1 hour total). However , due to somewhat faster air-
craft velocities than expected and range scheduling, which caused the
originally scheduled missions to be conducted in two sorties (in some in-
stances), data were obtained for all scenes on both recorders at all
altitudes.

DMAAC has agreed to digitize all five scenes on the AFFTC range al-
though the two replaced scenes will be done on a lower priority basis
and, therefore , at a later date.

2. Flight Line Tests

The preflight procedure was configured to check all recorders and
systems . Antenna couplers were attached to the lower hatch to provide
RF signals to the altimeters. Local control panels , altimeter indica-
tors , and a ground digital playback unit were cabled to the pallet for
ground test. An internal test signal was applied to the video processor
and recorded ; then the altimeter video outputs were video recorded . Both

23
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video recorders were then rewound and played to the end of the precal ,
while observing video, voice annotation, and HUG A. After the INS had
warmed up and aligneci , the digital recorder was operated , and all 16
channels were observed for presence and quality. Simulated altitude for
both pulse altimeters was set to the sortie flight altitude, and a signal
level 10 dB above acquisition was used. (Figure 19 shows the flight line
test configuration. Figure 20 shows the equipment installed in the air— -

•

craft.) Test cables were removed and remote recorder operation from the
cockpit panel verified. After towout and pilot ingress, the transmitter
coupler was removed and the INS placed in NAV prior to taxi .

• Upon return from the mission and after transfer to ground power and
engine shutdown, a post—flight recording at preflight signal levels was

- 
• made and altimeter acquisition verified. The digital recorder also ob—

tam ed post—flight inertial data at this time.

After returning to the hangar, all tapes were rewound and played
back to verify presence and quality of video and digital data on a quick—
look basis.

3. Range Instrumentation

The groundtracking to determine vehicle position was provided using
AN/FPS—16 radar sets (one at a time). The radar sets use a coded C—band
transponder/beacon on the aircraft to provide high signal—to—noise at the
receiver. The data measured are range, range rate, and azimuth and ele-
vation angles to determine three—dimensional position. AFFTC personnel
indicated that the real time positional accuracy was 500 feet (1 sigma)
in each axis, although at any instant in time one axis may be better than
the other depending on the geometry. The real time data were used to
drive a plot board to display the vehicle position. An observer then de-
termined deviations from the desired track on the plot board and provided

• verbal instructions to the pilot to correct the track. After the flight,
the AN/FPS—l6 tracking data were processed in a computer using a 32 point
recursive filter to provide the data that were merged with the airborne
recorded data. The AFFTC personnel also indicated that the processed
tracking data had a 50—foot accuracy (1 sigma in each axis). The data
tapes provided by the range also included an IRIG time reference that
was synchronized to WWV so that the airborne data and ground tracking data

• 
- could be accurately merged.

The Pt. Mugu range also used AN/FPS— 16 radar with characteristics
• similar to the AFFTC radars. After each flight, the Pt. Mugu tracking

data were sent to AFFTC for processing, and the performance was essentially
• the same as that obtained from the AFFTC system.

I
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4. Scene/Pass History

The planned flight schedule provided for data collection in a sortie
series that started with the two highest altitudes and then sequenced in
a descending order for the remaining two altitudes since the high alti-
tude data were considered the primary objective of the flight test pro-
gram. The lead—time requirement for mission scheduling at AFFTC/PMTC
(Monday of the week preceding the requested schedule date) and coordinat-
ing off range (PMTC) time and altitude with the FAA caused a modification
to the planned schedule. The originally scheduled flight certification
flight and high altitude sorties were scrubbed because of aircraft life
support system problems and a pressure suit face plate heater malfunc-
tion~ When the flight certif ication flight had been successfully flown,
the next mission scheduled with the ground tracking ranges was the 20,000
feet altitude at PMTC and AFFTC. The decision was made to fly the 20,000

• feet mission f irst and reschedule the high altitude flights due to the
coordination problems that would have been encountered with the tracking
ranges and the FAA. The “as flown” sunmiary of HAAFT flight operations is
shown in Table IX.

The missions at 30,000 feet altitude were added af ter  the original
flight series was completed due to a request for these data by another
potential user of high altitude TERCOM. Data from only the AFFTC scenes
were requested.

Table IX

HAAFT Flight Sunmiary

Alti tude
(ft) Passes/

Sortie Rete Mel PMTC AFFTC Scene Remarks

1 3—13—78 65,000 X N/A Flight certification flight
2 3—16—78 20,000 X X 3
3 3—24—78 45 ,000 X 3 High winds delayed takeoff — missed

FU window at PMTC. Scrubbed maximum —

altitude at AFFTC due to autopilot
malfunction

4 4—3—78 45 ,000 X 3
65,000 X X 3

5 4—5—78 10,000 X 2 Only two passes were planned at the
• low altitudes due to increased flight

6 4—5—78 8,000 X 2 time per pass at low altitude
(5000 AC!.)

7 5—1—78 30,000 X 3
8 5—3—78 30,000 X 4 Two pasaes with climbs and dives

Two passes with skewed ground tracks

28
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SECT ION V

DATA MERGING AND DUPLICATION

The primary output of the HAAFT program was the computer tapes that
contained the merged flight data and ground track data. In addition, du— 

- 

-

plicates of the video cassette recordings of the return video waveforms
were also provided. In producing the computer tapes , the information on
the data recorder (Honeywell 5600C) was transferred into the HP 2100S
computer. The ground track data were then transferred in to the computer
and merged with the airborne data based on the IRIG time. The total com-
posite of data was converted to extended binary coded decimal interchange
code (EBCDIC) format and recorded on 9 track, 800 EPI computer tape. Du-
plicates of the computer tapes were forwarded to data recipients speci—
f led in the contract (McDonnell—Douglas and The Analytic Sciences Cor—
pora tion), and two copies were sent to the Air Force Avionics Laboratory.
The video cassettes were not processed, but were duplicated and copies
were sent to the same recipients. However, since the waveform recordings
were in digital format, a D/A conversion circuit is required to view the
data on an oscilloscope. A schematic of the necessary circuit and a dis-
cussion of its operation are included in Appendix A.

1. HAAFT Data Processing Flowcharts

UAAFT data processing required three major steps (Figure 21). The
• path of the first step required flight data tapes as source data and in-

terpolated data files as the final output. The path of the second step
required radar ground track data files as the final output. The third
step took the interpolated data files and the ground track data files as
source data and performed a merge operation and a convert to EBCDIC for-
mat to produce a final output tape.

In processing the 11A.AFT data, each individual scene is handled as a
unique file for a total of 110 source data files. At the conclusion of
each basic process step, the files are stored on magnetic tape for back—
up purposes to ensure the integrity of the data. In the process block
diagram, the double arrows ind icate system controlled actions and the

• single arrows denote manually controlled actions. The five basic process
steps , which are described below, are :

! Input flight data

k 2 Input radar ground track data

3 Interpolate flight data 
-

• 

_ _  
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4 Merge ground track with flight data

5 Produce output tape in EBCDIC.

The primary elements in Figure 21 are described In the following :

! Flight Tape — The airborne data tape was recorded in real—time on
14 serial tracks. An interface was built to accumulate the serial
data into buffers and output a sequence of 24 sixteen—bit words of
data to the computer system every ZOO milliseconds. The computer
places these words into 32 word records and writes them to a disk
file.

2 Radar Ground Track — The ground track data tape used is the output
listing of the RADAPS data processing program. In reading this
tape , the information needed for the HAAFT eff q~~ is extracted and
placed in a disk file.

3 Interpolate Flight Data — Readings from the Kolisman altimeter are
not available synchronized with the 100 ma timing intervals used
for the data gathering. This is compensaEed for by linearly
interpolating the values to the synchronization point of each
timing period according to a clock value passed from the input
interface.

4 Merge Data — The ground track d~ta were scaled and edited and then
inserted into the last eight words of the 32—word data records.

5 Output Tape — Each value in the merged f ile is conver ted to
EBCDIC charact~r representation and output to a magnetic tape.j

2. Data Format

All data tapes were produced as nine track computer tapes with a -
•

density of 800 bits per inch (BPI) . All data are stored as one scene, one
pass per tape file, with the end of tape marked by a double end of file.
Tables XII through XIX summarize the order of files on the tapes. These
data are stored in EBCDIC forma t with six EBCDIC characters per word, 32
words per record. The order of the words, along with the definition, data
range, and scaling is shown in Table X. The latitude and longitude are
stored as two words, double precision; t~’&~ first word is the most signifi-
cant half and contains the sign. The second word is the least significant
half and is unsigned. Each 16—bit word (source) is converted to EBCDIC as
a 15—bit integer, plus sign. The first EBCDIC character in each output

• word is always zero or one for positive or negative values and negative
numbers are in two’s complement form. A more detailed explanation of the
tape format is shown in Table XI. A detailed diagram of the double pre-
cision integer to EBCDIC conversion for the latitude and longitude words

• is shown in Figure 22.
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TABLE X (

HAAFT Output Data Structure f
~~~~~No. Name Sets Rang. Scale

1 Seys 0 to 366 LSS • I day
2 Hour. • 0 to 23 LSB 1 hour
3 Minutes 0 to 59 LSB 1 minute
4 Second s 0 go 59 LSB — 1 second
5 Tenths of seconds 0 to 9 LSB • 0.1 second
6 Honeywell altimeter 0 to 131070 LSB — 2 feet
7 Stewart—Warner altimeter 0 to 131070 LSB — 2 feet
8 Kollaman altimeter 0 to 98302 LSB • 1.5 feet
9 Latitude (INS) MSH +180 NSB — +180 degrees

10 Latitude (INS) LSH L38 x 10 to 2.75 x 10 LSB — T80x2—3 ’ degrees
• 11 Longitude (INS) MSH +180 MSB — +180 degr ees

12 Longitude (INS) LSH 8.38 x 10 to 2.75 x 10 LSB — T80x2 3’ degrees 
- -

13 X INS (North velocity) +2048 MSS — +4096 ft/s
14 INS (East velocity) +2048 MSR — +4096 f t / s
15 Z INS ( sup)  +2048 NSB — +4096 f t /s
16 e Pitch (+C~W) +180 MSB — ±180 degrees
Ii 8 Roll (4CCW ) ±180 M SH = +180 d.grees
18 Heading (+CW ) +180 MSB +1W’ degrees
19 INS altitude to 262140 LSR ~
20 Baro altitude 0 to 262140 LSB — 4 ~.-et21 INS mode time LSB • %econd
22 AGC , Honeywell 0.8905 to —2.115 Ful l c c c  (8 bits) — — 2 .11 5 Vdc

— 0.8905 Vdc
23 ACC, Stewsrt—Va rver 6.365 to 8.44 r~~:~ ~~ale ( 8 bits) — 8.44 Vdc

• 6.365 Vdc
24 BFS , Kolisman 0.152 to 1.16 F • ~ I scale (8 bits) — 1.16V
25 Ground track alti tude 0 to 65536 LS~ — 2 feet
26 X~1 (East velocity) +2048 MS8 — ±2048 f t / s  - -

• 27 TCT (North velocity) ±2048 MSH — ±2048 f t / a
• 28 ZCI (-‘iw) ±2048 MSE — ±2048 f t / a

29 Latitude (CT) MSH ±180 MSR — ±180 deg~~es
30 Lati tude (CT ) LSH MSB = 180 x 2~~° — 2.75 x 10~~ deg
31 Longitude (CT) MSH ±180 MSB — +180 deRpes

• 1 32 Longitude (CT ) LSH MSB • 180 x 2 ° — 2 •75  x 10~~ deg

• MSH — Most significant half
LSH — Least significant half
MSE — Most signi f icant bit
tSR — Leaat aigni ficant bit.
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Table XI
HAAFT Output Tape Format

Tape is a 9-track 800 EPI .
Each file provides data from one pass over one scene .
End of the tape is marked by a double end of file (EOF).
Data are in EBCDIC; six EBCDIC characters per word , 32 words per record , 8064

characters per block.

Each record contains :

! IRIG t ime, five words , unsigned : days , hours , minutes , seconds , tenths
of seconds

2 Altimeter readings, three words, unsigned: Honeywell, Stewart—Warner,
I(ollsman 

-

3 INS latitude, two words , signed

4 INS longitude , two words , signed

5 INS coordinate velocities , three words , signed : North , East , vertical

6 INS aircraft attitude, three words, signed: pitch , roll , true heading

1 INS altitude , one word , unsigned

8 Barometric altitude, one word , unsigned

• 9 INS mode time, one word , unsigned

10 AGC readings, three words, unsigned : Honeywell, Stewart—Warner,
Kolisman

11 Ground track radar altitude , one word , unsigned

12 Radar track coordinate velocities, three words, signed : East, North,
vertical

13 Radar track latitude, two words, signed

14 Radar track longitude , two words , signed

Latitude and longitude are two words (double precision) ; the first word is
the most significant half and contains sign. The second word is unsigned.

Each 16—bit (source) word is converted to EBCDIC as a 15—bit integer, plus
sign. The first EBCDIC character in each (output) word is always zero or one
for positive or negative values, respectively. Negative values are in two’s
complement form.
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BINARY 32-BIT INTEGER

MSH LSH

31 16
F I a
L I I

~15 °

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-

~~~~~~~~~~~~~~~~~
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~~~~~~~~~~~~~~~~--~~~~~~

ZERO OR ONE ZERO OR ONE
DECIMAL E QUIVALENT DECIMA L EQUIVALENT

EBCDIC 6-DIGIT INTEGERS I

If l~~~~~~~fl -
~~ _ _ _ _

BIT 31 IS SIGN BIT FOR ENTIRE 32 BITS
BIT 15 IS DATA BIT , BUT IS TREATED AS SIGN IN CONVERSION TO EBCDC

DATA RANGE : =180.00 TO 180.00 DEGREES

Figure 22. Double Precision Integer to EBCDIC Conversion
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3. Data Reduction and Duplicat ion

Reduction of the flight test recorded data and merging of the ground
track data have been performed on 110 passes over seven scenes at five
diff erent altitudes. Twenty magnetic tapes have been produced and dupli-
cated for these passes. Table XII shows the number of duplicate tapes
and the altitudes iflClUdCd e The total time of the recorded data spans 4
hours , 11 minutes , 49 seconds at a 100 ma update rate, at 32 words per up-
date period.

A total of 12 originals and 44 copies of the video tape Cassettes,
containing the video return data, was produced. Table XIII shows the
number of duplicate tapes and altitudes included.

4. Deliverable Data

The orde r of files on the output tapes is shown in Tables XIV through
XIX for the 63.5K , 45K , 20K , 10K , 30K and 30K climb and dive flights , re—
spectively. Listed are the pass number, scene number, day number, and start
and stop time reference to Greenwich mean time (ZULU). The 63.5K data span
a total of 32 minutes , 34 seconds . The 45K data span 32 minutes , 30 seconds .
The 30K data span 50 minutes, 9 seconds. The 10K data span 58 minutes, 31
seconds. The 30K data span 31 minutes, 55 seconds, and the 30K climb and
dive data span 52 minutes , 4 seconds .

5. Data Anomalies

Due to recording difficulties , signal processing techniques, and
hardware anomalies, some signals were either not recoverable or required
additional processing . The anomalies associated with these signals are
listed below:

! The AGC signals (words 22, 23, and 24) were not completely recov-
erable due to recording difficulties on the 63.5, 45K, 20K , and
10K flights.

2 The INS and barometric altitude (words 20 and 21) overflowed due
to a resolver malfunction on the 63.5K flight.

3 The Kolisinan data are interpolated on the 63.5 kit, 45 kft, and 20
kf t  flights . This is due to the altimeter running asynchronously
to the 10 sample/s recording clock, and the altimeter update time
exceeding 100 milliseconds at 20 kf t  and above.

4 The hours (word two) on the 63.5K and lOX flights are 4 hours low
— due to an improper reset of the IRIG clock. However , the minutes

and seconds are accurate .

5 Pass 3, scene 8 at 45 kft and pass 4, scene 5 on the 30K (climb
and dive) were not recoverable due to recording difficulties.
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TABLE XII

Tape Duplication

Number of Tapes Altitude

1 origina l, 4 copies 63.5 kft (actual flight altitude)
1 original , 4 copies 45 kft
1 origina l, 4 copies 10 and 20 kft (8 kft  insi at AFFTC )
I origina l, 4 copies 30 and 30 kft (climb and dive)

TABLE XIII

Video Cassette Duplication

Number of Tapes Altitude

3 originals, 12 copies 63.5, 45 kf t
2 originals , 8 copies 20 kf t
3 originals, 8 copies 10 kf t (8 kit at APFTC )
4 originals , 16 copies 30 kft

TABLE XIV

• Order of Files — HAAFT Output Tape — 10K

Pass Scene Day No. Start Time Stop Time

1 1 Edwards 093 23:02:25.4 23:06:24.0
1 2 Edwards 093 23:16:49.5 23:20:17.0
1 3 Edwards 093 23:21:49.1 23:25:15.0
1 4 Edwards 093 23:34:22.6 23:39:00.0
I S Edwards 093 23:41:35.4 23:45:36.0
1 7 Pt. Mugu 093 19:06:17.6 19:10:43.5
1 8 Pt. Mugu 093 19:13:47.7 19:17:31.5
2 1 Edwards 093 23:57:36.6 00:01:12.0
2 2 Edwards 094 00:09:34.4 00:13:15.0
2 3 Edwards 094 00:14:53.9 00:18:26.0
2 4 Edwards 094 00:26:38.0 00:31:29.0
2 5 Edwards 094 00:34:10.3 00:38:03,0 —

2 7 Pt. Ilugu 093 19:22:40.4 19:26:50.5
2 8 Pt. Mugu 093 19:30:37.4 19:34:45.0
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TABLE XV

Order of Files — RAAFT Output Tape — 20K

Pass Scene Day No. Start - Time Stop Time

1 1 Edwards 076 15:43:31.6 15:43:55.0
4 1 2 Edwa rds 076 15:54:36.4 15:56:45 .9

1 3 Edwards 076 15:57:44.6 15:59:50 .9
1 4 Edwards 076 16:09:06.4 16:11:54 .0
1 5 Edwards 076 16:13:30.8 16:15:53 .9
1 7 Pt. Mugu 076 14:48:41. 2 14:51:15. 1
1 8 Pt. llugu 076 14:55:38.6 14:58:15.0
2 1 Edwards 076 16:30:16.7 16:32:37 .8
2 2 Edwards 076 16:39:44 .2 16:41:54.0
2 3 Edwards 076 16:42:58.1 16:45:00.0
2 4 Edwards 076 16:53:24 .2 16:56:13.0
2 5 Edwards 076 16:57:45.6 17:00:10.0
2 7 Pt. Mugu 076 15:02:21 .7 15:04:51.5
2 8 Pt. )1ugu 076 15:08:21 .9 15:11~:02.2
3 1 Edwards 076 17:13:56.6 17:16:15.0
3 2 Edwards 076 17:23:29.9 17:25:39.0
3 3 Edwards 076 17:26:40.3 17:28:44.0
3 4 Edwards 076 17:36:22.7 17:39:06.0
3 5 Edwards 076 17:40:39.9 17:43:06.0
3 7 Pt. Mugu 076 15:15:28.3 15:17:55.0
3 8 Pt. Mugu 076 15:21:17.3 15:23:23.0

TABLE XVI

Order of Files — HAAFT Output Tape — 45K

_ _ _  _ _ _ _ _ _  _ _ _ _  _______ _ _ _ _ _ _

Pass Scene Day No. Start Time Stop Time

1 1 Edwards 083 20:04:53.3 20:06:44.0
1 2 Edwards 083 20:12:39.0 20 :13:58.5
1 3 Edwards 083 20:14:36.0 20:15:54 .0
1 4 Edwards 083 20:20:56 .3 20:23:01.0
1 5 Edwards 083 20:24:12.1 20:26:01.0
1 7 Pt. Mugu 083 17:16:39.0 17: 18: 19.5
1 8 Pt. Mugu 083 18:00:01 .1 18:01:28.5
2 1 Edwards 083 20:36:07.1 20:37:51.4
2 2 Edwards 083 20:43:35. 1 20:44:57.0
2 3 Edwards 083 20:45:34.2 20:46:53.0
2 4 Edwards 083 20:53:37.2 20:55:44.0
2 5 Edwards 083 20:56:53.7 20:58:39.0
2 7 Pt. Mugu 083 17:27:38.6 17:29:08.5
2 8 Pt. Mugu 083 17:33:47.2 17:34:58.5
3 1 Edwards 083 21:11:33.5 21:13:18.0
3 2 Edwards 083 21:19:17.6 21:20:41 .0
3 3 Edwards 083 21:21:19.1 21:22:40.0
3 4 Edwards 083 21:28:09.1 21:30:12.0
3 5 Edwards 083 21:31:22.8 21:33:09.0
3 7 Pt. Mugu 083 17:39:35.1 17:41:16.5

- 
- Mote : No scene 8 for pass 3.
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TABLE XVII

Order of Files — HAAIT Output Tape — 63.5K

Pass Scene Day No. Start Time Stop Time

1 1 Edwards 092 19:48:31.4 19:50:01.0
1 2 Edwards 092 19:56:07.6 19:57:33.0
1 3 Edwards 092 19:58:13.6 19:59:37.0
1 4 Edwards 092 00:04:51.9 00:06:43.0
1 5 Edwards 092 00:07:47.6 00:09:24.0
1 7 Pt. Mugu 092 18:27:34.5 18:29:08.0
1 8 Pt. Mugu 092 18:34:50.3 18:36:20.0
2 1 Edwards 092 00:21:56.1 00:23:26.0
2 2 Edwards 092 00:29:26.0 00:30:55.0
2 3 Edwards 092 00:31:36.2 00:33:01.0
2 4 Edwards 092 00:39:25.3 00:41:16.0
2 5 Edwards 092 00:42:20.4 00:43:56.0
2 7 Pt. Mugu 092 18:41:57.0 18:43:38.0
2 8 Pt. Mugs 092 28:48:50.1 18:50:16.0
3 1 Edwards 092 00:55:35.1 00:57:04.0
3 2 Edwards 092 01:03:00.1 01:04:24.0
3 3 Edwards 092 01:05:04.0 01:06:24.3
3 4 Edwards 092 01:12:05.7 01:13:57.0
3 5 Edwards 092 01:15:02.8 01:16:39.0
3 7 Pt. Hugs 092 18:55:26.3 81:57:06.0
3 8 Pt. Mugu 092 19:01 56.4 19:03:24.0

TABLE XVIII

• Order of Files — HAAFT Output Tape — 30K

Pass Scene Day No. Start Time Stop Time

1 1 121 16:03:23.0 16:05:50.0
1 2 121 16:12:43.0 16:14:50.0
1 3 121 16:18:08.6 16:18:07.0
1 4 121 16:24:51.0 16:27:05.9
1 5 12! 16:28:23.0 16:30:19.0
2 1 121 16:43:37.0 16:45:43.0
2 2 121 16:53:11.0 16:55:20.0
2 3 121 16:56:23.0 16:58:35,0
2 4 121 17:05:10.0 17:07:24.0
2 5 121 17:08:41.0 17:10:39.0
3 1 121 17:22:53.0 17:24:55.0
3 2 121 17:31:43.0 17:33:54.0
3 3 121 17:34:54.0 17:37:10.0
3 4 121 17:44:01.0 17:46:13.0
3 5 121 17:47:31.0 17:49:29.0
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TABLE XIX

Order of Files — EMIT Output Tape — 30K Climb and Dive

Pass Scene Day No. Start Time Stop Time

1 1 123 16:15:03.0 16:18:15.0
1 2 123 16:28:20 ,0 16:30:22.0
1 3 123 16:31:16.0 16:33:18.0
1 4 123 16:42:23.0 16:45 :35.0
I 5 123 16:47:27.0 16:50:27.0
2 1 123 17:02:23.0 17:05:31.0
2 2 123 17:13:37.0 17:15:41.0
2 3 123 17:16:34.0 17:18:35.0
2 4 123 17:26:11.0 17:29:30.0
2 5 123 17:31:11. 0 17:34:11.0
3 1 123 17:47:05.0 17:50:16.0
3 2 123 17:57:35.0 17:59 :53.0
3 3 123 18:00:57.0 18:03:12.0
3 4 123 18:10:12.0 18:13:29.0
3 5 123 18:15:35.0 18:18:38.0
4 1 123 18:32:05.0 18:35:10.0
4 2 123 18:42:49.0 18:45:10.0
4 3 123 18:46:13.0 18:48:27.0
4 4 123 18:54:58.0 18:58:18.0

Note : No scene 5 pass 4.

6. Data Analysis

Preliminary data analysts was conducted on the first pass of each of
the seven scenes for four altitudes , 63.5K , 45K , 20K , and lOX , respective-
ly. This analysis was used to evaluate the quality of the data prior to
conclusion of the flight test program to assure that useful data had been
gathered. Although there were occasional problems with the sensors, the
problems were not sufficiently serious to justify repeating any of the
flights. Sample plots are shown in Appendix B. These include raw data
plots, detrended data, auto correlations, and power spectral densities
for the three altimeters at 63.5K, 45K, 20K, and 10K altitudes, recorded
over scenes 4 and 7,

- 
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APPENDIX A

Video Decoder

The serial digital video data are recorded at 3.25 MHz without its
associated clock, and, therefore, a decoder is required to strip the re—
corded data from the tape, reformat the data Into four—bit words , and
provide an analog output display. This is achieved by measuring the
intra—synch pulse time interval and developing a signal error count,
which is then used to adjust the frequency of a free—running oscillator.
This operation is accomplished each 400 microseconds to maintain close
control of the operating clock frequency, which must match the recording
clock of 3.25 MHz. Figures A—i and A—2 present the schematic diagrams of
the two cards necessary to implement the video decoder circuits.

The digital data from the tape drive two comparator circuits, one to
strip off the negative synch pulse, and the other to quantize the data
into a one—zero data stream. The serial data are decommutated into four —
bit data words, which are D/A converted in an AD—559 that drives the out—
put amplifier V17. The synch pulse is used by the clock generator cir-
cuit from which the 3.25 MHz clock is derived. The free—running 12 MHz
oscillator V3 is offset in frequency via the varacter diode TRW 27824 ,
and is transformer coupled to the clock circuitry via TT211 and buf fer
V9. The synch pulse is used to clear a sync hronous counter , which is
then counted up to its terminal state. The digital error count is pro-
duced in the four—bit counter, V10, which is preset to state 7. This
represents the maximum negative error while state 15 represents the maid—
mum positive error that provides a dynamic range of plus and minus one
word. The latch V 13 is loaded at the end of each measurement cycle and
D/A converted in V16 and buffered in V19. This analog error voltage
drives the varacter tuning diode In the oscillator.
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Figure A—l . Electrical Schematic Video Decoder Level
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I _________ ________ _______________
Card 1 - Part Lists

4 
Index Quantity Part No. Manufacturing Description

S 1, 2 2 LM 710C Nationa l IC vol tage compara tor
I 3 1 LM 210 NatIonal IC voltage follower

7,10 ~, ~ SN 7495N TI IC sh i f t  register
13 ,16i
8 1 SN 7474N TI IC dual D flipflop
12,18 2 SN 7404N TI IC hex inverter

• 11 1 SN 74 197N TI IC binary counter/ latch
14 1 AD559 Anal og Devices IC 8 b i t  D/A converter
17 1 LM 118 National IC op amp

• 20 1 JAN2N2222A QPL-19500 NPN transistor
20 1 JAN2N29 O7A QPL-19500 PNP transistor
20 2 JAN1 N4 153 QPL-l9500 Diode
Rl,R6
R2 , R3 7 CC1001F Allen Bradley 1 Kc2 resistor 1/4W
R27 , Rll

- Rb
R21 ,R2 5 2 CC11O1 F Al len Bradl ey 1.1 Kc~ resistor 1/4W
R5, R4 2 CC7872F Allen Bradl ey 78.7 Kc~ resisto r 1/4W

1 R2 0,Rl 5 2 CC1 2 1OF Allen Bradley 121 Kc~ resistor 1/4W
Rl6 , R17 2 CC38R3F Allen Bradl ey 38.3c~ resistor 1/4W
R24 1 CCI27 OF Al l en Bradley 127ci resistor 1/4W
Ri 1 CC1000F Al len Bradley 100c~ res istor 1/4W
R25 1 CC5 111F Al len Bradley 5.11 Kn resistor 1/4W
RI3 1 CC4222F Al len Bradley 42.2 Kc~ resistor 1/4W
Ri4 1 CC1002F Allen Bradl ey 10 Kc~ resisto r 1/4W

- R19 1 CC11O2F Allen Bradley 11 Kc2 resistor 1/4W
- 

- I Rg 1 CC4O21F Allen Bradley 4.02 Kc2 resistor 1/4W
R8 1 CC4O2OF Allen Bradley 402 c~ resistor 1/4W

2 RJ24FX1O3 QPL-22097 10 Kc~ potentiome ter
- R12 ) 1 RJ24FX502 QPL-22097 5 Kc~ potent iometer

C6, C7~ 3 1439014/02-0403, QPL-390l4 1 ~F capacitor/-1403

I C13~Cb4 } 3 M39003/Ol-2286 QPL-39003 10 pF capacito r

• Cg,C1 2 2 M39003/0l-230l QPL-39003 100 ~F capacitor
~ C 1,C2 2 1439014/01-0397 , QPL-390l4 1000 pF capacitor

/—1397
C7 1 1439003/01-2251 QPL-39003 330 p F capaci to r
C3 1 CMRO5E47OGODL QPL-39001 47 pF capacito r
C4 1 M39014/0l -0391 QPL-39014 0.1 ~F capaci tor

— - - -/ -t391
_ _3-—~ ilS18l 30-l QPL-15305 0.15 j H inductor

._C~~~tI~~ 
— 

2 JAN1 N746A QPL—1 9500 Zener diode 3.3V
CR 3 1 JAt41N753 QPL-19500 Zener diode 6.2V

1 3662 Vector Pl ugboard 44 pins
~~ 10 102-14-CC-C Garry Sockets 14 pin dual in-line

2 8— ICS Cinch 8 lead to 5 socket
1 102-16-CC-C Garry Socke t 16 pin dual in-l ine
2 1439024/11-03 QPL-39024 Test , jack tips black
8 M39024/1 1-0l QPL-39024 Test , jack tips white
2 143901 2/21-0003 QPL-39012 BNC receptacle, 0 hole

~~~~ ~~~~~~~~~~~~~~~ _ •  ~i1±.. _ _ _ _
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Card 2 - Part Lists

Index Quantity Part No. Manufacturer Description

- 1 3 1 MCl 648 t’btorola IC
5 1 7 ~
8,10 ~ 6 SN 7419714 TI IC
13,14 J
11 1 SN 747414 TI IC
12 1 SN 74123N TI IC
14 SN 7412114 TI IC
16 1 AD559 Analog Devices V/A converter
19 1 U7A7747312 Fai rchild IC MA 747 op amp
4 1 JAN2N2222 NPN transistor
CR2,CR3 2 114821 Zener diode 6.2V
CR1 1 27824 TRW Varactor diode

4 CC1002F Allen Bradley 10 Kc~ resistor 1/4W

3 CC1001F Allen Bradley 1 Kc~ resistor 1/4W
R11R1 3 2 CC11O2F Allen Bradley 11 Ki~ resistor 1/4W
RlS ,R 19 2 CC9530F Allen Bradl ey 953c~ resistor 1/4W

1 CC5362F Allen Bradley 53 Kc~ resistor 1/4W
R4 1 CC196OF Allen Bradley 196~ resisto r 1/4W
R22 I CC365 1F Al len Bradley 2 K~ resistor 1/4W
R3 1 CC162 1F Allen Bradley 1.6 Kc~ resistor 1/4W
Rg 1 CC4871 F Allen Bradley 4.8 K~ resistor 1/4W
Ri 1 CC2051F Allen Bradley 2 Kc~ resistor 1/4WRi~ 1 RJ24FX 1O2 QPL-22097 1 K~ potentiometer 1/2W

4 M39003l0l-2301 QPL-39003 100 1iF capacitor 20V
-

S 7 1439014102-0391 Vltra mon 0.1 pF capacitor lO Gy
C2Q,C22~ 3 1439003/01 QPL-39003 10 (iF capacitor 20V
C12 f -2286
C16,C15 2 1439014/01-0391/ Vi tramon 470 pF capacitor

-1391
C18 1 1439014/01-0388/ Vi tramon 330 ~1F capacito r

-1388
1 M390 14/0l -0397 Vitramon 1000 pF capacitor

— 1397
C4 1 CMRO5F1 21 GODI QPL-3900l 120 pF capaci tor 500V
C1 1 CMRO5F 1O1GO DI QPL-39001 100 pF capaci tor 500V
C10 1 CMRO5E39OGODL QPL-39001 39 pF capacito r 500V
C3 1 538-03709-35PF E IRE Variable capacitor 9-35P
L21L3 ~, 3 MS18130-1 QPL-15305 0.5 uH Inductor
14 J

1 MS1813O-l QPL- 15305 0.15 uH inducto r
1 93H9-8 CC1-931i9 10 turn variable pot

Ri8 1 RJ24FX1O3 QPL-22097 10K pot 1/2W
1 3662 Vector Plugboard 44 pins
1 RG44 Vector Connector
5 102-14-CC-C Garry Sockets 14 pIn dual in-lIne
2 102-16-CC-C Garry Sockets 16 pin dual In-line
1 1439024/ 11-03 QPL-39024 Test , jack tips bla ck
9 1439024/11-01 QPL-39024 Test, jack tips white
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APPENDIX B

FLIGHT DATA ANALYSIS

The quick—look analysis was required by contract to determine wheth—
er the flight hardware was operating properly. This quick—look analysis
consisted of two efforts, Immediately after the flight, the da ta on the
recorders were examined on an oscilloscope to determine whether there was
recorded data on each channel. since the information on the data record-
ed was in digital format, the presence of digital bits was verified. The
actual data could not be evaluated to any signif icant degree on the
flight line. However , the return waveform data could be viewed since the
flight test crew had a video decoder circuit. The flight data were then
sent to Martin Marietta for a more detailed evaluation. These were then
transferred into the HP—5451B computer to be displayed and processed. —

The figures presented in this appendix are sample plots of the data that
were gathered and processed. The plots involve the unprocessed (raw) al—
titude data , the same data with the mean and trend removed and rescaled
for visibility, the autocorrelation functions, and the power spectral
densities. Data from scene 4 (~~~‘ — 109 feet on the AFFTC range) and,
scene 7 (aT 174 feet in the Pt. Mugu, Cal iforn ia , area) are present—
ed for all altitudes except the last flight series (30K), as indicated in
Table B—I.

4 This analysis was conducted to determine whether a mission should be
repeated. It will be noted that at the higher altitudes there were occa—
sional data interruptions. This was not due to an altimeter malfunction,
but a marginal sensitivity, which was a characteristic of that altimeter.
Further , all altimeters were tested immediately after return of the air-
craft and no malfunctions were detected. Therefore, no missions were re-
peated. In order to expand the data base and thus perform signal analy-
sis on more passes, a reasonability test was implemented dur ing data re—
duction , and interpolation is performed on the altimeter data when a data
interruption occurs. The detailed analysis and evaluation of the flight
data will be conducted under another program. 
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TABLE B-I

Data Plots

Figure No. Pass Scene Altitude Altimeter Type Plot
(MSL)x 

________________

B—i 1 4 63.5 HI Raw—(Feet)
B—2 SW
B—3 K
B—4 45 HI
B—5 SW
B—6 K
B—7 20 HI
B—8 SW
B—9 K
B—b 8 HI
B—il SW
B—12 K Raw— (Feet)
B—13 63.5 HI Detrended— (Feet)
B—14 SW
B—15 K
B—16 45 HI
B l 7  SW
B—18 K
B—i9 20 HI
B—20 SW
B—2 1 K
B—22 8 HI
B—23 SW
B—24 K Detrended—(Feet)
B—25 . 63.5 MI Auto Correlation
8—2 6 SW (f t~ )
B 27 K
8—28 45 HI
B—29 SW
B—30 K
8—31 20 HI -

•

B—32 SW
B—33 K
8—34 8 HI
8-35 SW Auto Correlation
B— 36 K ( ft 2)
8—37 63.5 HI PSD—(ft2/Hz)
B—38 sw
B—39 K
8—40 45 HI
B—41 sw
B—42 K

- - 8—43 20 MI
8—44
8—45 1 4 K PSD—(ft2/Hz)

8-2 

—-- - - - - - ---—— -- - --___________________

- -
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TABLE B—I (Continued)

Figure No. Pass Scene Altitude Altimeter Type Plot
(MSL)xlO 3

B—46 1 4 8 HI PSD—(ft2/Ilz)
B—47 4 SW I
B—48 4 K PSD (ft2/Hz )

S 8-49 7 63.5 MI Raw— (Feet)
8—50 SW
8—51 K
8—52 45 HI
B—53 SW
8—54 K
B—55 20 HI
B—56 SW
B—57 K
8—58 10 HI
B—59 SW
B60 K Raw—(Feet)
8—61 63.5 HI Detrended— (Feet)
B—6 2 SW
8—63 K
8—64 45 HI
8— 65 SW
B—66 K
8—67 20 MI
B—68 SW

• B—69 K
B—b 10 HI
B—71 SW
B—72 K Detrended— (Feet)
B—73 63.5 HI Auto Corrçlation
B—74 SW ( ft ’)
B—75 K
8—7 6 45 HI
B—77 SW
B—78 K
B—79 20 HI
B—80 SW
B—8b K -
B—82 10 MI
B—83 SW Auto Cotrqlation

t B—84 K (ft L)

B—85 63.5 HI PSD— (ft2/Hz)
8—86 SW
8—87 K
B—88 - 45 HI
8-89 SW
8— 90 K
8—91 20 HI
8—92 SW
B—93 K
8—94 10 • HI
8—95 SW
896 

— 
1 

- 
7 

_____________ 

K PSD (f t2/Hz)

8—3
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